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PROLIFERATIVE RETINAL VASCULAR DISEASES 
Introduction 
The purpose of grouping retinal pathologies under subheadings 
which define the pathogenesis of disease rather than dividing 
diseases into the anatomical area they effect, is to increase 
understanding and promote greater recognition of pathologies 
through building a more logical menta 1 framework from which 
the clinician may store and retrieve information. This 
system should allow these diseases to be recognized as 
retinal vascular diseases by the common symptoms they share. 
Further differentiation will be easier becauses the 
underlying pathogenesis of these diseases is understood. 
Breakdown of Retinal Diseases 
The retina recieves its vascular supply from the central 
retinal arterial system. The retinal arterioles, venules, 
and capillaries form the distal portion af this system. The 
middle limiting membrane divides the retina into an inner 
layer nurished by the retinal vasculature, and an outer layer 
nurished ~from the underlying choriocapillaris which. recieves 
its blood supply from the ciliary vessels. 
The major retinal diseases which exert initial damage to the 
inner layer of the retina may be classified as follows: 
I. Retinal Vascular Diseases 
II. Glaucoma 
III. Optic Nerve and Nerve Fiber Layer degenerations 
The Retinal Vascular Diseases can be further classified as 
follows: 
A. Proliferative Retinopathies 
B. Arteriosclerotis Retinopathies 
1 
A. Proliferative Retinopathies 
*1. Diabetes mellitus 
*2. Central retinal vein occlusion, branch retinal 
vein occlusion, and venous stasis 
*3. Eales' disease 
*4. Hemoglobinopathies 
*5. Sarcoidosis 
*6. Hypertensive retinopathy 
7. Carotid and ciliary arterial insufficiency 
8. Collagen diseases 
9. Uveitis, Behcet's disease 
10. Coats' syndrome and Leber's miliary aneurysms 
11. Persistant hyperplastis primary vitreous 
*12. Retrolental fibroplasia 
13. Norrie's disease 
14. Incontinentia pigmenti 
15. Prolonged hypoxic cyanosis 
16. Dysproteinemias 
B. Arteriosclerotic Retinopathies 
*17. Arteriosclerosis 
Common Clinical Findings 
Proliferative changes in the retina are explained by 
David J. Apple and Maurice F. Rabb in Clinicopathologic 
Correlations of Ocular Disease.(l) 
Preretinal fibrosis is characterized by the formation of 
opaque white membranes of fibrous and or glial tissue. 
Pathologically, the changes are similar to those that 
occur in the healing of a wound. New-formed 
fibrovascular tissue penetrates the retinal internal 
limiting membrane and is pulled over the surface of the 
retina into the vitreous.(l) 
In all of the diseases in which neovascularization is 
prominent (the proliferative diseases), the common 
mechanism is a localized or general retinal ischemia or 
hypoxia. Apparently the presence of living tissue is 
essential for neovascularization, since new vessels 
seldom invade a necrotic area. Vasoproliferation is 
almost never seen in diseases where total anoxia occurs, 
for example, in central retinal artery occlusion. 
Regardless of the disease producing the retinal ischemia, 
* (Diseases to be discussed in detail) 
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f""'~· 
it is probable that the hypoxic retina e la borate s a 
vasoformative substance that stimulates the growth of new 
vessels on the retina and the optic disc. Most 
neovascular tufts occur in or adjucent to areas of 
retinal ischemia or capillary dropout, with the 
neovascular tufts growing into the ischemic zone.(l) 
Rubeosis iridis can occur in almost all of the 
proliferative diseases and is believed to be a result of 
the vasoformative substance released by the hypoxic 
retina. The neovasculature forming on the retina does 
not have the tight junctions between its endothelial 
cells that are present in other retinal and iris vessels. 
Some sources believe that the vasoproliferative substance 
leaks through these new vessels from the blood causing 
neovascularization of the retina and iris. Other causes 
of rubeosis iridis are space occupying 
masses/tumors and retinal detachments. 
must be followed carefully as it leads 
glaucoma. 
intraocular 
Rubeosis iridis 
to neovascular 
Venous abnormalities such as dilation, duplication, 
heeding, and central or branch vein occlusion are found 
in many of the retinal vascular diseases. Dilation 
of the retinal veins is fou~d in many of the 
proliferative retinopathies. Beading and looping is a 
response to ischemia. Central or branch vein occlusion 
may be found superimposed in many of the retinal vascular 
diseases especially diebetes. 
Intraretinal hemorrhages such as flame-shaped and dot and 
blot hemorrhages are common in many of the proliferative 
retinopathies. Flame-shaped hemorrhages are intraretinal 
hemorrhages in the superficial retina between the 
parallel nerve fibers. The paralell course of these 
fibers is responsble for the flame shape of these 
hemorrhages. Dot and blot hemmorhages are deposits of 
blood in the inner nuclear and outer plexiform layers of 
the retina. The blood often seeps through the Muller 
cell processes and these hemorrhages may coaless and 
therfore become larger. 
Exudates are found as two types, hard (yellow waxy) 
or soft (cotton-wool,cytoid bodies). Hard exudates are 
theoretically derived from the serum component of the 
blood which seeps through the compromised vessel walls, 
or from an accumulation of lipids from the breakdown of 
neurons. The protiens and lipids these deposits consist 
of may re$orb spontaneously through a macrophage 
mediated responce. These deposits are found in the outer 
plexiform layer of the ritina and may form a circinate 
pattern around the macula. 
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Cotton-wool spots, often called cytoid bodies or soft 
exudates, is not a true exudate. At a site of 
ischemic retinal tissue, the nerve fiber layer ganglion 
axons become dilated. Together many of these dilated 
nerve fibers can be seen with an ophthalmoscope and 
present the classic cotton-wool pattern. The term cytoid 
body refers to the histopathologic presentation of the 
segment of the nerve fiber that has undergone a bulbous 
dialation and assumes a cell-like shape. 
Macular edema is caused by severe capillary and 
neovascular vessel leakage. The leakage is most likely 
into Henle's fiber layer. It may progress into a macular 
retinoschisis (cyst) or a partial or a complete macular 
hole. Macular edema is best viewed with contact Hruby 
lens biomicroscopy. 
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DIABETES 
Introduction 
1. In developed western countries 12% of blindness is due to diabetes. 
2. 2/3 of those with diabetes for 15 years or more will have 
retinopathy. 
3. A major cause of blindness in the U.S. and Europe. 
4. Classified into two forms: background or nonproliferative and 
proliferative. 
5. Diabetes is part of a group of diseases which fall in the catagory 
of proliferative diseases. These diseases have a common 
proliferative fibrovascular tissue that may form membranes and 
traction bands in the vitreous; this point is key in understanding 
these diseases. 
Clinical Findings 
1. Retina 
A. Background/Preproliferative retinopathy 
1. microaneurisms 
A. clust~r or single of 100 micrometers in diameter 
B. loss of integrity of endothelium 
C. arteriolar and venular 
D. 1/2 life of 6 months 
E. follow every year 
F. perifoveal vessels esp. 
2. venous dilation, and duplication 
3. dot and blot hemorrages. 
A. transitory 
B. follow every year 
C. larger than microaneurism 
D. more leakage and in middle layers of retina (outer 
plexiform) 
4. hard exudates 
A. may appear as large drusin; rule out due to no vascular 
change 
B. exudates may circle the macula and is termed circinate 
5. macular changes 
A. ischemia 
B. edema, progressing to macular retinoschisis or mac. 
hole 
C. decrease in VA 
D. use photo stress test to determine if macular edema is 
present. 
B. Preproliferative diabetic retinopathy 
(It should be noted that the distinction between Background and 
PPDR is not always made in the literature.) 
1. cotton-wool spots 
2. IRMA; intraretinal microvascular anomalies 
3. capillary closure 
4. venous beading 
5. central or branch vein obstruction 
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C. Proliferative diabetic retinopathy 
1. neovascu1arization and fibrous tissue proliferation 
A. intra retina 1 
B. on the retinal surface 
C. on the surface of the optic disc 
D. in to the vitreous 
2. vitreous hemorrhages 
3. retina 1 traction and detachment 
2. Findings in general ~ 
A. Visual acuity 
1. decrease due to: 
A. macular degeneration, cystoid 
B. cataract 
C. retina 1 detachment 
D. vitreous retraction 
E. decreased accommodation 
F. transient variations in refraction 
G. photopsia and diplopia in cerebral hypoglycemia 
B. Tonometry 
1. decreased in acidosis 
2. increases in rubeosis 
C. Use red free filter to see leeky blood vessels 
D. Color vision, acquired 
E. Neuro logica 1 
1. poor pupillary response 
A. more drops are needed for mydriasis 
B. Ill nerve involvement 
2. difficulty in eye movements, III nerve 
3. double vision · 
4. ptosis, III nerve 
F. Ex te rna 1 exam 
1. xanthelasma 
2. recurrent infection 
G. Anterior segment exam 
1. ~onj unc ti va 
1. sludging of blood 
2. tortuous constricted blood vessels 
2. cornea 
A. puncta te ke ra to pa thy 
B. keratitis sicca 
C. loss of corneal sensitivity ( V nerve ) 
D. wrinkling of descemets membrane 
E. abnormal basement membrane 
F. delayed epithelial healing 
3. Anterior Globe 
A. rubeosis iridis; neovascularization of the iris 
B. increase incidence of open angle glaucoma, secondary to 
rubeosis iridis 
C. Krukenberg spindle; pigment dispersion 
D. hydrops of pigment epithelium (glycogen storage, 
disappears with normal blood glucose levels) 
E. microscopic defects in the pigment epithelium 
4. Lens 
A. variation in the refractive power, in early cataract 
due to hydration changes 
B. cataract 
1. Snowflake ca ta rae t 
A. termed: Diabetic cataract, Sugar cataract 
B. Posterior subcapsular 
2. Senile cataract, earlier onset 
t.. 
Analysis 
3. Nuclear sclerosis, late in disease 
5. Vitreous 
1. asteroid hyalosis 
2. vitreous hemorrhage 
1. Capillary microangiopathy: 
A. Microvascular obstructions and permeability changes 
1. due to capillary bed obstruction and dropout 
A. this capillary insufficiency causes a hypoxic condition 
B. the capillary may also be secondarily effected by an 
occlusion of a precapillary arteriole 
1. in this case there ·may exist a larger area of 
ischemic tissue --> this often leads to an ischemic 
infarction of the inner layers of the retina and 
swelling of the nerve fiber layer axon terminals; 
cotton-wool spots 
2. Narrowing of the lumen---
3. Defective endothe~ 
A. May contribute to obstruction by allowing PAS 
derivitives to deposit intramurally 
4. Permeability changes may lead to: 
A. Aneurysm 
B. Leakage 
B. Retinal capillary microaneurysms 
1. Outpouching from capillary wall 
2. Not pathonomonic of diabetes 
C. Basement membrane thickening 
1. May cause capillary closure 
D. Loss of pericytes 
1. May cause capillary weakness 
E. Intraretinal microvascular anomalies (IRMA) 
1. Closure of capillaries causes hypoxia and ischemia 
A. formation of shunts and neovascularization in area of 
ischemic retina; IRMA 
2. Proliferative progression following IRMA 
A. Fine network of vessels develope_s __ _ 
l. extremely permiable 
2. proliferation of associated connective tissue 
3. as long as the vitreous remains in contact with the 
internal limiting membrane, the vessels spread out as a 
flat s beet a long the retina 
A. it the vitreous detaches the fibrovascular tissue 
attached to the vitreous may hemorrhage 
B. traction on the fibrovascular tissue causes 
tractional nonrhegma togenous retinal detachments 
4. at the disc there is no internal limiting membrane 
A. vessels are free to proliferate in to the vitreous 
1. any movement of vitreous cause.s rupture of these 
vessels and results in vitreous hemorrhage 
2. for this reason neovascularization at the disc is 
extremely serious 
3. vitreous hemorrhage may cause sudden blindness 
B. eventually, the new vessels can no longer be seen due 
to extensive fibrous traction bands extending into the 
vitreous 
1. Most or all of the retina is detached 
2. if the foveola remains attached,excellent vision 
may remain 
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Treatment 
1. Pho tocoagu la tion 
A. Esp. when there is disc involvement(see Treetment II.l.D) 
B. Or if the foveola is threatened 
C. New· blood vessels of more than l disc diameter 
2. Vi tree tomy 
A. For long standing vitreous hemorrhages (6 mos) 
B. Managing traction retinal detachments 
3. Advise: no strenuous activity 
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OCCLUSION OF THE CENTRAL RETINAL VEIN AND ITS BRANCHES, VENOUS STASIS 
Clinical Findings 
1. These signs may precede the onset of central retinal vein occlusion 
(CRVO)by weeks or several months: 
A. Engorgment and tortuosity of retinal veins 
B. Slight retinal edema -- -----
C. Hemorrhages 
D. Swelling of the optic disc 
2. The fully developed occlusion of the central retinal vein will have 
a prese~ ta tion as follows: 
A. Flame-shaped hemorrhages, small round deep hemorrhages 
B. Hemorrhages are larger near the disc ----
C. Hemorrhages may break into the vitreous to form preretinal 
hemorrhages 
D. Fluffy exudates and edema throughout the fundus 
E. Veins will be dark red, tortuous, and dialated 
3. Several months after the occlusion: 
A Recanalization of the vein is likely to occur 
B. Vessels become narrowed, appear sclerotic and may be 
accompanied by a pale sheath 
C. Diffuse or patchy-retinal atrophy is usually present 
D. Collateral vessels may sometimes be formed near or at the 
disc, but this is disputed by some sources 
E. Hemorrhages and exudates are absorbed 
4. In the late stages: 
A. Bands or veils of connective tissue may appear around the 
disc area 
B. Glaucoma may develope secondary to this disease and is more 
often seen in the occluded eye but may also develope in the 
contra lateral eye. 
5. Branch vein occlusion: 
A. More common than CRVO 
B. Symptoms are dependant on the branch occluded 
1. nassal vein; no symptoms may be reported 
2. macular branch; decrease or total loss of vision 
3. secondary glaucoma is rare 
6 .• Venous stasis retinopathy 
A. Associated with patients with internal carotid artery 
occlusion 
B. The presentation is much less pronounced than CRVO. 
Analysis 
Descriptions of the symptoms vary depending on the source 
consu 1 ted. 
1. Venous stasis retinopathy is a term used to describe the complete 
closure of the central retinal vein without any significant retinal 
hypoxia. These are usually cases that are diagnosed as impending, 
parial, or incipient. If the site of occlusion is poserior enough 
to the lamina cribosa, collateral vessels will form anterior to the 
occlusion to redirect the venous flow. Venous stasis can be broken 
down as follows: 
A. Young patients 
1. inflamitory in origin 
2. phlebitis of the central retinal vein --> venous 
thrombosis 
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B. Older patients 
1. related to arteriosclerosis 
2. arteriosclerosis of the supporting central retinal artery 
may lead to venous changes 
2. Hemorrhagic retinopathy is the term used to describe the 
hemorrhagic, ischemic, and hypoxic changes to the retina following 
occlusion of the central retinal vein. The sequence of events is 
likely to be as follows: 
A. Central retinal artery occlusion(partial, complete, 
transitory, or prolonged) --> venous stasis 
B. The central retinal vein already unhealthy --> precipitates a 
thrombosis --> complete occlusion of the central retinal vein 
C. Blood can not leave the retinal vascular bed --> increased 
pressure in the retinal capillaries --> capillaries rupture 
--> hemorrhagic retinopathy 
3. Mechanism of vein occlusion 
A. External compression of the vein 
1. arteriosclerosis or arteriolosclerosis of the central 
retinal artery or its branches cause compression of the 
vein as the artery runs adjacient to the vein or as the 
arteriole passes over the vein on the retina 
B. Venous stasis 
1. spasm in the corresponding retinal artery or arteriole 
--> lowered venous pressure 
2. decreased systemis blood pressure 
a. trauma tic or surgical shock 
b. carotid artery occlusion 
c. therapy for hypertension 
d. dysproteinemias 
e. obstructive pulmonary disease(increased viscosity) 
C. Degenerative diseases of the venous endothelium 
l. These diseases may cause intravascular detachments, 
proliferation, and hydrops 
a. hypertension 
b. diabetes 
c. inflamations of the optic nerve 
d. granulomatous diseases 
e. head traume 
f. oral contraceptives 
4. Branch retinal vein oclusion sites of occlusion: 
A. Optic disc edge --> hemisphere-occlusion 
B. A/V crossings --> quadrant or macular occlusions 
C. Peripherally; usually in systemic diseases 
D. Along main veins; diabetes 
5. Differential diagnosis 
A. Hypertension 
l. hypertension is bilateral 
2. hemorrhages do not extend to the periphery 
3. severe macular edema and vision loss are rare 
4. both may be present 
B. Hyperviscosity syndromes 
l. bilateral 
2. few hemorrhages with little macular edema 
C. Diabetes 
l. bila te ra l 
2. beading is rare in CRVO 
D. Venous stasis 
1. mild hemorrhages and other clinical findings 
E. Congenital tortuosity of retinal vessels 
F. Papilledema 
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r----
G. Congenital heart disease 
H. Angiomas of the retina 
(It should also be noted that spontaneous venous pulsation is absent 
and can not usually be elited with pressure to the globe, also a 
transient decrease of vision may precede the occlusion over a period 
of hours) 
6. Secondary complications 
A. Rubeosis iridis; anytime there exists a retinal hemorrhage 
rubeosis iridis is possible due to what is thought to be a 
release of a preliferative vasculature agent from the blood 
1. incidence is 20% 
2. usually visible in 1 month 
B. Secondary glaucoma 
1. neovascular in nature 
2. incidence is 10%-15% 
3. usually occurs in 3 months 
Treatment 
1. Anticoagulants; to open collateral vessels 
A. Indicated if no venous pulsation is not presentd or can not 
be induced 
B. Dicumarol used after anticoagulation with heparin 
2. Steroids; to minimize retinal edema and phlebitis 
A. Indicated if retinal edema is present 
3. Photocoagulation; to reduce cystoid edema, prevent 
neovascularization of the disc and iris 
4. Asprin; to reduce platelet adhesiveness 
A. 200 mg of asprin dieb. alt. 
5. Management must be directed toward maintaining the vision in the 
good eye and therefore the patient and doctor must be on the alert '~ 
for any episodes of decreased vision or engorged vessels in the good 
eye. Because of this, an anticoagulant may be prescribed 
prophilactically for the good eye. Glaucoma must also be monitored. 
11 
EALES' DISEASE 
Introduction 
1. Non specific peripheral periphlibitis with retinal 
hemorrhage and vitreous hemorrhage 
2. Generally affects young healthy males and is often 
diagnosed in the second decade of life 
3. Uncommon in the U.S., extremely common in India 
4. No known associated systemic disease or factor 
responsible for the pathogenesis, although tuberculosis 
is often associated with the disease 
5. Bilateral 90% 
6. Intermittent episodes of decreased vision 
Clinical Findings 
1. Perivascular sheathing of peripheral veins(periphlebitis) 
A. Veins are obscured by white fluffy exudates 
B. May ensheath one or several veins 
C. Short or long distances of vein may show 
periphlebitic changes 
D. White plaques sometimes lie in front of veins 
2. Hemorrhages 
A. Recurrent peripheral intravitreal hemorrhages 
B. Varying amounts into the vitreous 
3. Neovascularization 
A. Tufts 
B. Venous looping 
4. Fibrovascular tissue formation 
Analysis 
1. Chronic, inflammatory cells infiltrate the retinal 
venular walls and the perivenous space 
A. Lumen becomes narrowed by endothelial proliferation 
B. Perivascular infiltrates increase 
2. Peripheral retinal neovascularization is a frequent 
complication 
A. Compromised vessel walls allow leakage of blood 
--> vitreous hemorrhage 
B. Decreased lumen --> venous stasis --> hypoxic retina 
3. Course of the disease: 
---
1 2 
4. Differential diagnosis 
A. Periphlebitic stage 
l. multiple sclerosis 
2. coats' syndrome 
B. Hemorrhagic stage 
l. angiomatosis of the retina 
2. diabetic retinopathy 
3. malignant choroidal melanoma 
4. retinal detahment 
5. CRVO,branch vein occlusion 
6. sickle cell anemia 
Treatment 
1. X-ray of chest and skin tuberculin test 
2. Blood studies (to rule out sickle cell anemia) 
3. Complete immobilization in a hospital bed (hemorrhages 
absorb quickly) 
4. Systemic steroid therapy 
5. Photocoagulation 
1 3 
BLOOD DYSCRASIAS 
Introduction 
1. Types of blood dyscrasias: 
A. Anemias 
B. Polycythemia 
C. Leukemia 
D. Hemorrhagic disorders 
E. Hemoglobinopathies 
F. Plasma cell dyscrasias 
Clinical findings 
1. Blood discrasias share the same ocular clinical findings: 
A. Hemorrhages 
1. tlame-shaped hemorrhages 
A. posterior pole 
B. 3-4 disc diameters from the nerve head 
2. dot and blot hemorrhages 
3. massive vitreous hemorrhages 
4. white-centered hemorrhages;similar to Roth Spots 
5. choroidal hemorrhages 
A. rounded in outline 
B. extensive in size 
C. dark 
B. Exudates 
1. hard 
2. soft 
C. Alterations of retinal veins 
-- -----1. tortuosity 
2. perivenous sheathing 
D. Pallor of the fundus 
----E. Edema 
1. optic disc 
2. retina 
2. The presentations of the blood dyscrasias differ only in 
the combination and severity of the ocular clinica 1 
findings. 
Anemias 
( Defined as a deficiency of erythrocytes, or hemoglobin) 
1. Macrocytic 
A. Mean corpuscular volume (MCV) of greater 
than 94 cubic microns and a mean corpuscular 
hemoglobin concentration (MCHC) of greater than 
30% ... or stated another way: The red blood cells are 
larger (although smaller and irregular cells are 
observed), and the number of erythrocytes is greatly 
reduced 
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B. Clinical symptoms manifested by: 
1. a deficiency of vitamin Bl2, C, and foliic acid 
2. carcinoma of the stomach 
3. pregnancy 
4. parasitic infestations 
C. Ocular signs: 
1. more common with this anemia than with any othe 
anemia 
2. pale fundus and retinal edema, 
3. White-center~hemorrhages 
4. cotton-wool spots 
2. Normacytic 
A. Normal MCV (80-94 cubic microns), an MCHC of greater 
than 30%, with a decrease of RBC's or a total blood 
volume in the body 
B. Clinical symptoms result from: 
1. sudden loss of blood ----
2. intrinsic, destruction of blood cells 
A. hemolitic anemia 
3. decreased formation of blood elements 
A. primary refractory enemias 
B. aplastic 
C. enemia secondary to chronic diseases 
C. Ocular signs: 
1. retina 1 hemorrhage 
2. edema --> degeneration of ganglion cells --> 
blindness 
3. pale veins 
4. thread-like arterioles 
3. Microcys tic 
A. Low MCV (less than 80 cubic microns) and a low MCHC 
(less than 30%) 
B. Chronic symptoms result from: 
1. iron deficiency; diatary malabsorbtion, chronic 
blood loss, and hemolysis 
2. vitamin deficiencies; pyridoxine 
C. Ocular signs 
1. rare, unless severe enemia 
2. Hemorrhage most frequent 
3. exudates 
4. edema, papilledema 
Polycythemia 
1. Increase in erythroblastic elements of the bone marrow 
2. Increased hemoglobin and erythrocytes concentration 
3. Middle age and older 
4. Men > women 
5. Ocular signs: 
A. Common 
B. Dilation and tortuosity of vessels 
C. Cyanotic retina 
D. Hemorrhages 
, 
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E. Papilledema; secondary to venous pressure or 
increased intracranial pressure 
F. Headaches or vertigo 
G. Blurred vision 
H. Photophobia 
I. Scotomas 
J. Entopic phenomena 
K. Transsient bilateral or unilateral vision loss 
Leukemia 
l. Abnormal proliferation of leukocytes (esp. in bone 
marrow, spleen, and lymph nodes) 
2. Types: 
A. Acute leukemias 
l. rapid clinical degeneration 
2. more common in children 
B. Chronic leukemias 
l. prolonged clinical degeneration 
2. more common in middle age and older 
C. Monocystic 
l. rare 
3. Ocular signs: 
A. Common, 50% will have signs at any given time, 100% 
will have signs at one time or another 
B. Venous dilation and tortupsity 
C. Hemorrhages 
l. white -centered 
2. red centered exudates 
3. all types of hemorrhages 
D. Perivenous sheathing 
E. Retinal edema 
F. Conjunctival hemorrhages 
Hemorrhagic Disorders 
l. The group of diseases which are characterized by easy 
bruising, frequent spontaneous bleeding, or excessive 
bleeding after trauma 
2. Clinical symptoms result from: 
A. Abnormal platelet function 
B. Deficient coagulation factor 
3. Ocular signs: 
A. Severity of symptoms bear no relationship to the 
severity of the disease 
B. Hemorrhages 
4. Purpura; serious bleeding with out defect in platelet 
function or coagulation factors 
A. Associated diseases 
1. vitamin C deficiency (scurvy) 
2. vasculitides 
3. pseudoxanthoma elasticum 
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A. retinal hemorrhage associated with angiod 
streaks is the major cause of decreased 
visual acuity in patients with pseudoxanthoma 
elasticum 
Hemoglobinopathies 
l. An alteration of one of the 569 amino acids in the 
structure of normal hemoglobin A. 
2. There are a Large number of hemoglobinopathies, but it is 
uncommon for most of them to produce retinopathy. 
3. Genetics of sickle cell retinopathy 
A. Sickle cell anemia = SS 
l. alteration of one amino acid --> cresent-shaped 
erythrocyte (hemoglobin S) 
2. offspring must inherit S hemoglobin from both 
parents --> SS 
3. worst systemic symptoms 
A. painful, chronic anemia, hemolysis, tissue 
hypoxia and infarction 
B. death occurs within the first few decades 
B. Sickle cell disease = SC 
l. substitution of lysine for glutamic acid --> 
hemoglobin C . 
2. offspring must inherit S hemoglobin from one 
parent and C hemoglobin from the other --> SC 
3. milder anemia 
4. severe ocular complications 
C. Sickle cell thalassemia = SThal 
l. defect in the rate of protien synthesis of the 
hemoglobin chain, causing the S hemoglobin to 
become --> SThal 
2. offspring must inherit the S hemoglobin from one 
parent and the thalassemia gene from the other 
3. milder anemia 
4. severe ocular complications 
D. Sickle cell trait = AS 
l. offspring inherit normal A hemoglobin from one 
parent and S hemoglobin from the other 
2. mildest symptoms 
4. Ocular signs: 
A. Proliferative sickle cell retinopathy 
l. Stage I. peripheral arteriolar occlusion 
2. Stage II. peripheral arteriolar-venular 
anastomoses; anastomoses shunt blood from the 
occluded arteriole to the nearest venule 
3. Stage III. Sea fans; at the site of occlusion and 
anastomoses~>-neovascular capillary buds sprout 
(growth toward the ora) 
4. Stage IV. vitreous hemorrhage 
l. traction on the neovascular tissue results in 
vitreous hemorrhage 
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5. S~ge ~· retinal detachment 
1. vitreous traction from bands and membranes 
tug on the retina causing it to detach 
B. Nonproliferative sickle cell retinopathy 
1. venous tortuosity 
2. black sunburst 
A. resembles choroidal scar 
B. ovoid 
C. 0.5 - 2 disc diam. 
D. equatorial 
E. black color 
F. stellate or spiculate borders 
3. silver wire arterioles 
4. salmon-patch hemorrhages 
5. retinal holes 
A. equatorial location 
B. ovoid, horseshoe-shaped 
C.--> retinal detachment 
5. Further complications 
A. CRVO 
B. Macular arteriole occlusion 
C. Retinal venous occlusion 
D. Choroidal vascular occlusion 
E. Angiod streaks 
6. Trea tmen t 
A. When Stage III. is reach~d --> laser 
B. Periodic Fluorescein angiography and ophthalmoscopy 
(6-12 mo) 
Plasma Cell Dyscrasia 
1. Excessive proliferation of a single or limited number of 
immunoglobulin-producing cells ( e.g. multiple myeloma, 
Waldenstrom's disease) 
2. Serum viscosity is increased 
3. Ocular signs: 
1. Venous dilation and tortuosity; severe cases 
2. Retinal hemorrhages; mimic CRVO 
3. Cotton -wool patches 
4. Edema 
5. Microaneurysms 
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SARCOIDOSIS 
Introduction 
1. 
2. 
3. 
4. 
5. 
6. 
Chronic granulomatous disease, unknown eitiology 
Appears between the second to fith decades, and lasts 
about 2 years 
Affects: lungs, skin, lympgatic system, bones, and eyes 
50% of patients with sarcoid have ocular involvement 
10-15 times more common in black females 
More common in Sweden, the South Atlantic, and Gulf 
regions 
Clinical Findings 
1. Candle-wax drippings is the most characteristic finding 
2. Sheathing of retinal vessels 
A. Usually veins 
B. Also termed vasculitis or perivasculitis 
3. Retinal neovascularization 
A. Sea fans 
B. Neovascularization and related proliferative 
retinopathy is rare 
4. Vessels may be constricted 
5. Macular and papilledema may occur 
6. Retinal hemorrhages are frequent 
7. Bilateral anterior uveitis is the most common intraocular 
manifestation 
8. Mutton fat keratic percipitates is the most common 
anterior segment finding 
9. Snow-ball opacities of the inferior vitreous and/or 
vitreous opacities 
10. CNS involvement in 10-15% of patients with systemic 
sarcoid, 20-30% of patients with retinal involvement 
Analysis 
1. Sheathing occurs due to the infiltration of granulomas 
associated with the retinal vescular wall 
2. Granulomatous infiltrates may cause occlusion of smaller 
vessels--> hypoxia 
A. Proliferative changes may occur in response to the 
hypoxic retina (e.g. sea-fans) 
3. Candle-wax drippings are the foci of a granulomatous 
chorioretenitis 
4. Diagnosis is based on 
A. Symptoms 
B. Chest x-rays 
c. Lymph tissue biopsy 
D. Conjunctival granuloma biopsy 
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Treatment 
1. Systemic or periocular steroids 
2. Cycloplegia 
3. Prognosis is good if treated early 
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HYPERTINSIVE RETINOPATHY 
Introduction 
1. Effects from this disease are secondary to local ischemia 
2. At least 15 million Americans suffer from hypertension 
3. Effects viewed in the retina are occurring throughout the body in 
the arteries of the brain, heart, and kidneys. 
4. Progression: 
A. Pressence of Essential Hypertension. 
B. Thickening of the arteriolar wall as a result of hypertrophy 
of muscle fibers-in the media and an increase of fibrous 
tissue in the intima. 
C. Prolonged elevated pressure can cause necrosis of smooth 
muscle and seepage of plasma into the wall through the 
damaged endothelium. 
D. Secondary occlusion will eventially take place with fibrinoid 
necrosis. 
Clinical Findings 
The following grading scheme was developed to classify the disease 
into four groups(Kei th-Wagener-Barker classification). 
Group If 
I 
. I I Findings J 
l. 
2. 
3. 
4. 
l ______ _ r -----~------ 1 
I - Focal constriction -Moderate arteriole attenuation 
I - Copper or silver-wire 
- Pronounced arteriole attenuation 
- Diffuse constriction 
- Shiny deposits 
- Tiny hemorrhages 
- Flame shaped hemorrhages (in nerve fiber layer) 
- Cotton-wool spots (focal eschemia in the nerve 
fiber layer) 
- Papilledema 
- Retinal edema 
- Macular star (hard exudates;collection of macro-
phages filled with lipid material located in the 
outer plexiform layer of the macula) 
i ~ 
Differential Diagnosis 
1. Cotton-wool sports: anemia, leukemias, collagenases, 
dysproteinemias, infective endocarditis and diabetic retinopathy. 
2. Flame-shaped hemorrhages: retinal branch vein occlusion. 
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Prognosis 
1. Stage one: Benign 
2. Stage two: Benign with continually high blood pressures 
3. Stage three: Without papilledema these patients have a mean life 
expectancy of 27.6 months. At this stage the disease is an 
emergency. 
4. Stage four: Mean life expectancy of 10.5 months. 
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RETROLENTAL FIBROPLASIA 
Introduction 
1. Retrolental fibroplasia is a common disease found in many 
premature infants who. where exposed to elevated oxygen 
levels after birth. 
2. Careful monitoring of blood gas levels will still lead to 
some cases of this disease. 
3. Prematurity now appears to be responsible for most of the 
cases of this disease at this time. It appears that both 
prematurity and elevated levels of oxygen are responsible 
for this disease. 
Clinical findings 
1. Grade 1 
----A. Pigmentation throughout the retina esp. periphery 
B. Vitreo-retinal membranes esp. temperal periphery 
C. Disc normal 
D. High myopia 
E. Viaion normal 
2. Grade 2 
----A. Disc pale 
B. Vessels pulled toward one side usu. temperal 
C. Small mass of opaque tissue usu. temporal periphery 
D. Macula may be displaced temperally by traction 
E. Vision normal - 20/200 
F. Avascular retina can be seen in far periphery 
G. Neovascularization 
H. Lattice degeneration 
I. Retinal holes at edge of lattice 
3. Grade 3 
----A. Elevated folds of retina from traction on vessels 
extends from opaque tissue mass at temporal periphery 
B. Nasal retina is thinned and pulled temporally 
C. Vision 20/200 - 5/200 
4. Grade 4 
A.Partial retrolental mass in the periphery 
B. Traction retinal detachment 
C. Vision hand motion 
5. Grade 5 
----A. Total retinal detachment 
B. Complete cicatricial mass behind the lens 
C. Shallow anterior chamber 
D. Vision light perception - blind 
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Analysis 
1. Progression of disease in premature infant 
A. Stage ,!_ 
1. at the termination of the vascular retina into 
the avascular retina at the periphery, a definite 
line or zone is seen 
2. vessels become dilated and terminate in sea fans 
or shunt vessels 
3. slightly elevated yellowish nodules are seen 
posterior to the demarcation line on the retina, 
extending into the vitreous 
4. both 2 and 3 leak fluorescein 
B. Stage _!! 
1. the avascular zone becomes elevated and more 
prominent 
2. posterior pole vessels become more dilated and 
tortuous 
3. retina 1 hemorrhage can occur 
4. increase in mild vitreous haze 
C. Stage III 
~ea fans extend into the vitreous 
2. retinal detachments and hemorrhages at avascular 
zone 
D. Stage IV 
1. increase proliferation of new vessels in the 
periphery 
2. neovascularization at the posterior pole 
3. retinal detachment posterior to the avascular 
zone 
4. vitreous hemorrhage 
E. Stage V 
~etachment of entire retina 
Treatment 
1. Photocoagulation and cryotharapy of the peripheral retina 
2. Rubeosis of the angle --> glaucoma 
3. Many eyes lead to phthisis 
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ARTERIOLARSCLEROSIS 
Introduction 
l. There is a hyaline thickening of the arteriolar wall with a severe 
narrowing of the lumen diameter. The decreased diameter of the 
vessel wall causes a decrease in blood flow leading to ischemia and 
tissue injury. 
Clinical Findings 
1. The following rating system was developed to provide a way of 
recording and quantifing the changes seen in the retina: 
r 
Rating 
· Changes to vessels I 
- ------• I 
. I 
0 
I 
II 
III 
IV 
Analysis: 
- Normal 
- Shea thing 
- Slight broadening of the light reflex 
- Sine-wave tortuosity . 
- Tapering 
- Increased broadening of the light reflex with 
shea thing 
- Banking 
- Marked broadening of the light reflex with 
shea thing and tapering 
Copper wire appearance to the arterioles 
- Silver-wire appearance of arteriole 
- Increased broadening of the light reflex(almost 
wide as the the arteriole) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
as I 
I 
- Severe crossing changes I 
~ I I ------ --
1. This disease !! predomanantly associated with hypertension but may 
also be found with other diseases such as diabetes. 
----- ---- ----- ---- --2. The arteriolar changes differ from those found in atherosclerosis 
which effects larger arteries. 
3. The arteriolar-venous crossing changes is the finding which sets 
this disease appart from hypertension. 
4. All of the findings are related to the histological changes in the 
vessel wall throughout the progression of the disease. The copper 
and silver wire phenominom are due to a narrowing of the blood 
column as viewd by the observer. The light reflex changes are due 
to hyaline deposits in the vessel wall. A/V changes are due to the 
thickening of the arteriole as it nears and crosses the venule. 
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ATHEROSCLEROSIS 
*Introduction 
l. This disease is characterized by fatty fibro plaques on the intema 
layer of the vessel(the inner most layer) which are called 
atheromas. 
2. The most susceptable arteries are the aorta, coranary, carotid, and 
the vertebrals. 
3. Progression: 
A. Diminution of lumen diameter 
B. Damage to the underlying media(i.e. smooth muscle) 
C. Ischemic heart disease,miocardial infarction 
D. Angina pectoralis 
E. Stroke-->plaques break off and become embolus --> enter the 
internal carotid --> may cause stroke with ischemia 
(transient ischemic attacks) 
4. If the embolus continue through the vascular system to the retinal 
vessels, they will become lodged at the site of an arteriole 
bifurcation and may remain here for several hours. These small 
light bodies are called Hollenhors t Plaques. 
*(This brief outline of atherosclerosis is included as a contrast to 
arteriolarsclerosis and because of its relative importance in the 
developement of several of the retinal vascular diseases.) 
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OCCLUSION OF THE CENTRAL RETINAL ARTERY AND ITS BRANCHES 
(ISCHEMIC RETINOPATHY) 
Clinical Findings 
1. Painless sudden loss of all vision or slight light perception 
temporal to fixa~-- ---
2. If the patient has a cilioretinal artery supplying the 
papollomacular nerve fibers a total loss may be aborted 
3. Typically associated with a sudden onset of unilateral amaurosis 
fugax 
4. Inner 2/3 of retina appears white and opaque 
5. The fovea appears red against a light retinal background, this is 
termed: cherry-red spot 
6. Arteries remain narrow-and may appear as thin lines, in time these 
arteries are reduced to thin white threads 
7. Retinal circulation may be reestablished in a few hours or days, 
causing the ischemia to absolve depending on the amount of time and 
degree of occlusion, if so, the retina may take on a granular 
atrophic appearance with possible pigmentation and glistening white 
exudates. The retinal vessels become narrow and may show a more or 
less pronounced sheathing 
8. The optic nerve head appears white in the later stages 
9. Most common in middle-aged or elderly persons 
lO.Usually unilateral but may occur bilaterally 
ll.Occlusion of one of the central retinal branches has a presentation 
similar to CRAO but only the area effected by the branche occlusion 
will display the symptoms. Visual field studies should confirm that 
the area of the retina suspected to be involved has indeed been 
compromised 
12.Anisocoria, sluggish consensual response of the healthy eye, slugish 
direct response of the diseased eye, and some degree of Marcus Gunn 
in the diseased eye are all symptoms of the damage to the optic 
nerve and nerve fiber layer and an afferent pupil defect (+)MG. 
Analysis 
l. There is an ischemic necrosis of the retina due to a sudden 
obstruction of the central retinal artery, generally just before 
emergence from the nerve head, causing cloudy swelling, edema, and 
necrosis of the retina (all of which contribute to the milky white 
appearence of the retina) 
2. The central retinal artery is a true artery posterior to the nerve 
head and is therefore susceptable to atherosclerosis 
A. Occlusion of the artery is usually the result of 2 factors: 
1. atherosclerotic narrowing of the vessel 
2. subsequent thrombosis within the compromised lumen 
B. Embolization from a distant source is a rare cause of 
obs true tion 
C. The sudden loss in vision follows the formation of a platelet-
fibrin thrombosus within the lumin of the artery 
D. Stagnation and increased turbulant flow in the artery are 
largely responsible for the thrombosis' assocciation with the 
sclerosclerotic plaque (basically the same eitiology as 
that of coronary and cerebral vessel blockage) 
3. Although the most common cause of occlusion is from an embolus 
from the retinal" vascular tree ,the arteries-supplying the head 
(esp.-rDt. carotid) and the left side of the heart (e.g. mitral 
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stenosis) may also be the origin of the embolus 
4. When no embolus!! visable, the following diseases associated with 
arterial occlusion should be differentially diagnosed: 
A. Carotid insufficiency or carotid occlusion 
B. Rheumatic heart disease, auricular fibrillation 
C. Giant cell arteritis 
D. Collagen vascular diseases 
E. Increased orbital pressure 
1. retrobulbar hemorrhage 
2. endocrine exopthalmos 
F. Blood diseases 
1. polycythemia 
2. pro te inemia 
G. Rare 
1. sickle cell disease 
2. syphilis 
H. Do not confuse with 
1. Tay-Sacks' disease -~ These are diseases of infancy, 
2. Niemann-Pich's disease_j--not of elderly persons 
5. Ischemic changes in the retina 
A. The retina 1 ischemia first effects the inner retina 1 layers 
because these layers are only supplied by the now narrowed 
retinal vessels 
B. Irreversable reabsorbtion of the necrotic cells 
C. Infarction of the nerve fiber layer and ganglion cells 
D. The inner nuclear layer and plexiform layers may or may not be 
distroyed 
E. The photoreceptor cells remain intact in the early stages due 
to the fact that they recieve· their blood supply from the 
choriocapillaris 
F. In the later stages the outer retina eventially atrophies 
G. Replacement gliosis is minimal in most cases, therefore the 
retina becomes extremely thin as the necrotic tissue is 
resorbed and not replaced 
6. The cherry-red spot is easily explained, since the fovea is thinner 
than the rest of the retina, avascular, and supplied by the 
underlying choriocapillaris which is intact 
7. Occlusion of the cilioretinal arteriole or branch arterioles will 
-- --- --
cause similar changes to the retina in the sector which they supply 
8. Hayreh, Kolder, and Weingeist (from Clinicopathological Correlation 
of Ocular Disease) have demonstrated in monkeys, there will be 
irreversable damage to the retina within 90 minutes of complete 
arterial occlusion 
Treatment 
1. There is no known methoid of removing the atherosclerotic lesion 
which is largely responsible for the diminution of the artery 
diameter 
2. Central retinal arterial occlusion is an ophthalmic emergency 
3. Methods to increase blood flow and dislodge embolus 
A. Inhalation of 95% oxygen and 5% carbon dioxide 
B. Digital message 
C. Ocular hypotensive agents 
D. Anticoagulants 
E. Vasodilators 
(These methods are generally unsuccessful in the majority of cases) 
4. Any patient with amaurosis fugax demands immediate attention as this 
is the warning sign of an impending stroke (evaluation of the 
carotid artery is essential) 
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GLOSSARY OF SLIDES 
D ia be te s mellitus 
246. Simple diabetic retinopathy in a young diabetic, early 
stage. 
247. From the same patient as figure 246. Retinopathy more 
advanced. 
248. Young diabetic. Some hard exudates and few microaneur-
ysms. 
249. Old diabetic. Numerous hard exudates and some micro-
aneurysms. 
250. Simple retinopathy and cotton-wool exudates in a young 
diabetic. 
251. Rubeosis of the retina in diabetic retinopathy. 
252. Sheathing of retinal vessels in diabetic retinopathy. 
253. Heavy sheathing of retinal vessels in diabetic 
retinopathy. 
254. Advanced phlebopathy in diabetic retinopathy. (15 ) 
255. Preretinal hemorrhage. 
256. Vitreous detachment. Retrovitreal space filled with 
hemmorhagic fluid. 
257. Degenerative changes in the hyaloid membrane. 
258. Preretinal hemmorhage with _extension into the vitreous. 
259. Vitreous hemmorhage. Outlines of the disc are seen 
plainly. 
260. Proliferative diabetic retinopathy. Prepapillary tuft 
of new-formed vessels. 
261. Proliferative diabetic retinopathy with prepapillary 
neovascularization. 
262. Proliferative diabetic retinopathy with extensive fan-
shaped preretinal network of new-formed vessels 
leaving the macular area free. 
263. Same as Slide 262. 
264. Proliferative diabetic retinopathy. Preretinal neo-
vasculariza tion. 
265. Proliferative diabetic retinopathy. Fibrous tissue and 
new-formed vessels. 
266. Proliferative diabetic retinopathy. Neovascularization 
and fibrous tissue. 
26 7. 
268. 
269. 
Pro 1 i fe ra ti ve diabetic retinopathy. 
vascularization. ( 15 ) 
Same as Slide 267. 
Proliferative diabetic retinopathy. 
tissue vel 1. 
Preretinal neo-
Preretinal fibrous 
270. Proliferative diabetic retinopathy. Preretinal mass 
of fibrous tissue. 
271. Proliferative diabetic retinopathy. Preretinal veil 
of fibrous tissue. 
272. Same as Slide 271. 
27 3. Proliferative diabetic retinopathy with retinal 
detachment. 
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274. Proliferative tissue on top of detached retina. 
275. Retinal tear partly covered by hemmorhage. 
Central retinal vein occlusion, branchretinal vein occlusion, 
venous stasis. 
222. Bilaterl occlusion of the central retinal vein, acute 
stage. The swollen disc surrounded by hemmorhages and 
cotton-wool exudates. 
223. Same as Slide 222. 
224. Occlusion of the central retinal vein, acute stage. 
225. Central retinal vein occlusion, acute stage. 
226. Same eye as Slide 225, four months later. Neovas-
cularization and connective tissue formation. 
227. Same eye as Slide 225, six years later. Neovasculari-
zation and connective tissue formation. 
228. Commencing multiple retinal branch vein occlusions. 
229. Same eye as Slide 228, a week later, presents multiple 
branch vein occlusions. 
230. Commencing retinal branch vein occlusions. 
231. Rretinal branch vein occlusion, acute stage. 
232. Retinal branch vein occlusion. Peripheral to the occ-
lusion there are flame-shaped retinal hemmorhages and 
cotton-wool exudates. 
233. Same as Slide 232. 
234. Old retinal branch vein occlusion with microaneurysms. 
(15 ) 
235. Old retinal branch vein occlusion with new vessel 
formation. 
236. Old retinal branch vein occlusion. At the disc, there 
is a small tuft of new-formed vessels. A rete mirable 
is seen below the fovea. 
237. Same as Slide 236. 
238. Same eye as Slide 236. In the perimascular area, the 
vessels are totally ensheathed. 
239. Old branch vein occlusion. Some retinal vessels 
ensheathed in the perimascular area. 
212. Retinal branch artery occlusion, acute stage. 
213. Same eye as Slide 212, six months later. The retinal 
edema has subsided. 
214. Retinal branch artery occlusion, acute stage. 
Eales .... disease. 
396. Periphlebitis in Eales .... disease. 
397. Periphlebitis and neovascularization in Eales .... disease. 
398. Neovascularization in Eales' disease. 
399. From same patient as in Slide 398. Sheathing and 
fibrous tissue. 
Blood dyscrasias. 
276. Lipemia retinalis. The fundus is pale and the retinal 
vessels have a nearly salmon-pink color. Blurring 
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caused by vitreous haze. 
277. Same as Slide 276. 
278. Retinopathy in anemia. Flame-shaped retinal hemmor-
hages and some cotton-wool exudates are seen in both 
fundi. 
279. Same as Slide 278. 
280. Fundus changes in polycythemia. The retinal vessels, 
opotic discs and fundi have assumed a darker red color 
than normal. 
281. Same as Slide 280. 
282. Fundus changes in leukemis, consisting of flame-shaped 
retinal hemmorhages. Some of the hemmorhages have a 
fluffy whitish center. 
283. Same as Slide 282. 
284. Retinal hemmorhages and fluffy exudates in myelo-
matosis. 
285. 
286. 
287. 
288. 
289. 
290. 
291. 
292. 
Pale, orange-red fundus and swollen disc in myelo-
matosis. 
Fundus changes in myelomatosis. Retinal veins are 
engorged. Numerous hemmorhages and microaneurysms in 
fundus periphery. 
Same as Slide 286. 
Fundus changes in macroglobulinemia. Retinal veins are 
engorged. Hemmorhages and microaneurysms are diffusely 
scattered in the fundus. 
Same as Slide 288. 
Numerous hemmorhages and some microaneurysms. 
Retinal hemmorhages and microaneurysms in macroglobu-
linemia. ( 15 ) 
Fundus changes in collagenosis. Both fundi present 
several cotton-wool exudates. Retinal arteries are 
narrow, veins are normal. 
293. Same as Slide 292. 
Sarcoidosis. 
406. Preretinal vitreous opacities in sarcoidosis. 
Hypertensive retinopathy. 
96. Papilledema in hypertensive neuroretinopathy. 
168. Hypertensive angiopathy without vascular sclerosis. 
169. Same as Slide 168. 
170. Normal retinal vessels during antihypertensive treat-
ment. 
171. Same eye as Slide 170, two years later, during exacer-
bation of hypertension. 
172. Hypertensive angiopathy. The retinal arteries are very 
narrow and in some places nearly hidden by retinal 
edema. 
173. Same as Slide 172. 
174. Hypertensive angiopathy with vascular sclerosis. 
175. Same as Slide 174. 
176. Same as Slide 174. 
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177. Hypertensive retinopathy with hemmorhages and cotton-
wool exudates. 
178. Hypertensive retinopathy with hemmorhages and hard 
exudates. 
179. Hypertensive retinopathy with cotton-wool exudates 
and hemmohage. 
180. Hypertensive retinopathy. Arteriovenous crossing 
phenomenon. (15 ) 
181. Same eye as Slide 180 (15 ), two months later. Cotton-
wool exudates diminshed. 
182. Slight macular star formation in hypertensive retinopa-
thy. 
183. Pronounced macular star formation in hypertensive 
retinopathy. 
184. Same as Slide 183. 
185. Hypertensive neuroretinopathy. The optic disc is 
edama tous. 
186. Hypertensive neuroretinopathy. The optic disc is 
swollen. 
187. Same eye as Slide 186, three weeks later. Fundus 
changes have progressed. 
188. Hypertensive neuroretinopathy. The disc is swollen. 
189. Same eye as Slide 188, seventeen months later. 
Papilledema has subsided. 
190. Hard exudates as sequelae after hypertensive 
Ht~o~iliy. . 
191. Retinal atrophy after advanced hypertensive 
re trinopa thy. 
192. Hypertensive neuroretinopathy. 
193. Same eye as Slide 192, three weeks later. Retinal 
edema is in regression. 
194. Same eye as Slide 193, a week later. Papilledema in 
regresssion. 
195. Same eye as Slide 194, four months later. Small rem-
nants of macular star. 
196. Same eye as Slide 195, 13 months later. Hypertensive 
changes nearly disappeared. 
197. Same eye as Slide 196, 28 months later, during 
exacerbation of hypertension. 
Retrolental fibroplasia. 
37. Retrolental fibroplasia with annular retrolental 
fibrous mass. 
38. Retrolental fibrous mass is seen below, detached retina 
above. 
39. From the same eye as Slide 38. Flat retinal detachment. 
Arteriosclerosis, atherosclerosis. 
162. Slight sclerosis of the retinal vessels (copper-wire 
arteries). 
163. Moderate sclerosis with typical arteriovenous crossing 
phenomena. 
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164. Moderate sclerosis of the retinal vessels. 
165. Same eye as Slide 164 (15 ). Ateriovenous crossing 
phenomena. 
166. Ateriovenous crossing phenomenon. (15 ) 
167. Same as Slide 166. 
180. Hypertensive retinopathy. Arteriovenous crossing 
phenomenon. (15 ) 
181. Same eye as Slide 180 (15 ), two months later. Cotton-
wool exudates diminished. 
(for slides 218-220,and slide 238; see CRVO) 
218. Atheromatous plaque at the bifurcation of the lower 
retinal artery. 
219. Sheathing of the lower temporal retinal artery. 
220. Old branch artery occlusion. Upper temporal artery 
occluded and corrosponding vein ensheathed. Peri-
macular anastomoses developed. 
238. Old retinal branch vein occlusion. In the perimacular 
area, the vessels are totally ensheathed. 
(for slides 252-253; see Diabetes millitus) 
252. Sheathing of retinal vessels in diabetic retinopathy. 
253. Heavy sheathing of retinal vessels in diabetic 
retinopathy. 
Occlusion of the central retinal artery and its branches 
(ischemic retinOpathy). -- --
198. Occlusion of the central retinal artery, acute stage. 
199. Same eye as Slide 198, two months later. Retina 1 edema 
diminished, disc pale. 
200. Occlusion of the central retinal artery, acute stage. 
201. Same eye as Slide 200, ten days later. The retinal 
edema is in regression. 
202. Occlusion of central retinal artery, acute stage. 
Fundus is edematous, fovea is red-brown. Blood column 
is broken up into segments. 
203. Same as Slide 202. 
204. Occlusion of the central retinal artery, acute stage. 
Cilioretinal artery patent. 
205. Occlusion of the central retinal artery, acute stage. 
206. Same eye as Slide 205, three weeks laterd. Central 
edema nearly disappeared. 
207. Same eye as Slide 206, two months later. Slight macu-
lar degeneration. 
208. Occlusion of central retinal artery, late stage. Reti-
nal arteries narrow. 
209. Occlusion of the central retinal artery, late stage. 
210. Occlusion of central retinal artery. Cilioretinal 
artery patent. 
211. Macular degeneration after occlusion of cilioretinal 
212. 
213. 
214. 
aretery. 
Retinal branch artery occlusion, acute stage. 
Same eye as Slide 212, six months later. The retinal 
edema has disappeared. 
Retinal branch artery occlusion, acute stage. 
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215. Same eye as Slide 214, five months later. The retinal 
edema has disappeared. 
216. Old occlusion of two branches of the central retinal 
artery. 
217. Old occlusion of a retinal artery. (15 ) 
218. Atheromatous plaque at the bifurcation of the lower 
retinal artery. 
219. Sheathing of the lower temporal retinal artery. 
220. Old branch artery occlusion. Upper temporal artery 
occluded and corrosponding vein ensheathed. Peri-
macular anastomoses developed. 
221. Same as Slide 220. 
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